Regulation of the pap epigenetic switch by CpxAR: phosphorylated CpxR inhibits transition to the phase ON state by competition with Lrp.
Pap pili gene expression is controlled by a reversible OFF/ON phase switch that is orchestrated by binding of Lrp to pap pilin promoter proximal sites 1, 2, and 3 (OFF) or pap promoter distal sites 4, 5, and 6 (ON). Movement of Lrp between proximal and distal sites controls pap pilin transcription and is modulated by PapI and DNA adenine methylase. Here we show that activation of the environmentally responsive CpxAR two-component regulatory system inhibits Pap phase variation by generation of phosphorylated CpxR (CpxR-P). CpxR-P competes with Lrp for binding to both promoter proximal and distal pap DNA binding sites, inhibiting pap transcription in vitro and pili expression in vivo. In contrast to Lrp, CpxR-P is methylation insensitive and does not form DNA methylation patterns in vivo. CpxAR-dependent repression of pap transcription is also observed in response to alkaline growth conditions. These results provide insight into a mechanism for environmental control of epigenetically regulated gene expression.